Abstract -In this paper a reconfigurable bandstop filter able to reconfigure central frequency, bandwidth and selectivity for fine tuning applications is presented. The reconfigurable filter topology has four poles and a quasielliptic bandstop filter response. The filter is tuned by varactor diodes placed at different locations on the filter topology. The varactors are voltage controlled in pairs due to filter symmetry for central frequency and bandwidth control. An additional varactor is placed on a crossing line to move a pair of transmission zeros, closer or farther to the filter central frequency, which tunes filter selectivity. The filter has a tuneable fractional bandwidth range from 11.51 to 15.46%, a tuneable central frequency range from 1.346 to 1.420 GHz and a selectivity tuning range from 0.37 to 0.40 dB/MHz. Index Terms -bandstop quasi-elliptic filter, varactor diode, reconfigurable filter.
I. INTRODUCTION
There is an increased demand for microwave filters with advanced features that can make RF systems much more efficient and adaptable to multiple bands. Reconfigurable filters can reduce the complexity of a system avoiding the introduction of filter banks; earlier work has been primarily focused on central frequency or bandwidth control. In this paper we propose selectivity tuning adding up to central frequency and bandwidth reconfigurability.
The filter described in this paper is capable of having different central frequency states with precise bandwidth control, or alternatively having different fractional bandwidths with a fixed central frequency. Moreover, the filter allows selectivity tuning for each state. The filter presented in this paper finds its application in adaptable image rejection receivers. In [1] [2] reconfigurable bandstop filters using varactor loaded resonators are presented, these filters can reconfigure their central frequency, but do not take into account the significant increase in bandwidth for the different filter states. The bandstop filter presented in [3] uses a thermal actuator as tuning element; the central frequency can be tuned from 5.75 to 6.09 GHz, without bandwidth control. In [4] a bandstop filter using electromagnetic bandgap periodic structures on coplanar transmission lines is shown; MEMS bridges are used as tuning elements, the filter central frequency varies from 17 to 22.5 GHz. The bandwidth progressively varies for different values of central frequency. The bandstop filter in [5] uses MEMS switches; the filter is designed with microstrip transmission lines including radial stubs, the filter has a margin of reconfiguration from 8 to 15 GHz, however the bandwidth presents arbitrary values at each central frequency. The bandstop filter in [6] uses quarterwavelength stubs and MEMS switches, the filter is able to produce central frequencies in the range from 39 to 58 GHz with different bandwidths. The bandstop filters in [7] [8] use PIN diodes to control filter central frequency, meanwhile varactor diodes provide a continuous bandwidth reconfiguration at given frequency. The filter has a central frequency range from 0.5 to 2 GHz and bandwidths in the range from 30 to 42%. In [9] a switchable bandstop filter with two different central frequencies is presented, the filter topology allows precise control over the design parameters frequency and bandwidth, achieved by choosing resonator sections switched by PIN diodes. The microstrip bandstop filter demonstrated in this paper allows tuning selectivity, bandwidth and central frequency. and is to our knowledge the first filter able to tune its selectivity. This paper is divided in five sections, section II contains a discussion of the proposed filter topology, describing how the filter design parameters were controlled. Section III describes how the filter was implemented, including bias circuitry. Section IV contains a discussion of measured filter responses. Finally section V gives an overall conclusion of this work. 
III. IMPLEMENTATION
This section describes filter layout, including the bias lines used to polarize the varactor diodes, details of the surface mount components used and substrate characteristics (see Fig. 4 ). The filter was defined lithographically on a Rogers Duroid substrate (cr=2.2 and tan6=0.0009). The RF choke consists of a 177 nF inductor from Tyco Electronics with a self resonance at 1.7 GHz. The choke inductor has been modeled as a 177 nF inductor in parallel with a 50 fF capacitor. The simulated choke inductor isolation using ADS along the band of interest is shown in Fig. 2 . Although the initial filter central frequency is 1.5 GHz, the inductor isolation is better than -35 dB within the filter operation frequency range. Due to the high isolation of the choke inductor, the microwave signal is not influenced by the DC ports used to provide bias to the active devices.
In order to prevent a short circuit between the main transmission line and the crossing line, a DC block has been inserted on the crossing line shown in Fig. 3 . The DC block used was a 1 nF capacitor.
Three DC sources in Fig. 3 were used to tune the three filter design parameters. V1 controls filter selectivity, V2 controls filter bandwidth and V3 controls filter central frequency. These DC sources supply the reverse voltage needed to bias the varactor diodes. The grey zone in Fig. 3 has positive polarization and the black one has negative polarization. The varactors were biased using a voltage ranging from 0 to 20 V according to the manufacturer's data sheet. 
IV. MEASUREMENTS
This section contains the measurements obtained from the proposed filter. The section is divided in three parts, section A shows the results obtained when selectivity is tuned for a fixed central frequency and bandwidth. Section B describes the results for bandwidth tuning maintaining a fixed central frequency and selectivity. Finally section C shows the results for central frequency tuning maintaining bandwidth and selectivity to a fixed value. All measurements were done after a short, open, load, thru calibration, setting the measurement reference plane at the SMA coaxial connectors used to interface the filter with the measurement equipment. Scattering parameters were measured using an Agilent 8510C network analyzer, DC bias was supplied by two Promax FAC-662B power supplies.
A. Selectivity Tuning
In Fig. 6 measurements on selectivity tuning are shown. First the bandwidth and central frequency are fixed, and then different values of selectivity are taken by varying the capacitance of varactor diode C1 in Fig. 1 . To calculate selectivity a zoom has been taken to the squared region in Fig. 6 , shown in Fig. 7 . To calculate the selectivity for each filter state, we have taken the slope at the most linear part of the filter response in the passband to stopband transition region. The most linear region was found to be between -5 and -10 dB as shown in Fig. 7 . The varactor diode C1 is reverse-biased by V1 to produce a selectivity 
C. Central Frequency Tuning
To obtain the tunable central frequency measurements, the reverse voltage V1 was fixed to 2 V, V2 was fixed to 20 V and V3 varies between 16 and 21 V. The varactor diodes C6, C7, C8 and C9 were reverse biased by V3 which adjusts the resonator electrical lengths to produce the reconfigurable filter central frequency shown in Fig. 9 .
A central frequency variation of 72 MHz was obtained. The central frequency is tuned from 1.346 to 1.420 GHz using bias voltages of 16 and 21 V respectively. The insertion loss in the passband ranges from 5 to 9 dB. 
V. CONCLUSIONS
A reconfigurable bandstop filter with a pair of transmission zeros has been designed implemented and measured. Selectivity tuning for the filter has been obtained by varying the capacitance of a varactor diode situated on the crossing line that produces the cross coupled circuit. Bandwidth tuning has been controlled by varactor diodes used to couple resonators to the main transmission line. The central frequency of the filter is controlled by varactor diodes placed at the end of quarterwavelength resonators. The filter topology presented in this paper is able to adjust all filter design parameters continuously, and can be perfectly adjusted to produce a fractional bandwidth range from 11.51 to 15.46%, a central frequency range from 1.346 to 1.420 GHz and a selectivity tuning range from 0.37 to 0.40 dB/MHz.
